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ABSTRACT

Sinple, cost-effective techniques are needed for |and
managers to assess the environnental inpacts of oil and gas
production activities on public lands so that sites may be
prioritized for further, nore formal assessnent or renedi ation.
These techni ques should allow the field investigator to extend
t he assessnent beyond the surface di sturbances docunented by
si npl e observati on and mappi ng using field-portable instrunents
and expendable materials that provide real-tine data. The
princi pal contam nants of current concern are hydrocarbons,
produced water, and naturally occurring radi oactive naterials
(NORM. Field investigators can exam ne sites for the inpacts
of hydrocarbon rel eases using a photoionization detector (PID)
and a soil auger. Volatile organic carbon (VOO in soil gases
in an open auger hole or in the head space of a bagged and
gently warned auger soil sanple can be neasured by the PID
This all ows detection of hydrocarbon novenent in the shall ow
subsurface away from areas of obvious oil-stained soils or oi
in pits at a production site. Simlarly, a field conductivity
nmeter and chloride titration strips can be used to neasure salts
in water and soil sanples at distances well|l beyond areas of
surface salt scarring. Use of a soil auger allows detection of
saline subsoils in areas where salts may be flushed fromthe
surface soil layers. Finally, a mcroRreter detects the
presence of naturally occurring radioactive materials (NORM in
equi pnent and soils. NORM often goes undetected at many sites
al t hough regulations limting NORMin equi pnent and soils are
bei ng pronul gated in several States and are being considered by
the USEPA. Wth each techni que, background sanpling should be
done for conparison wth inpacted areas.

The authors exam ned sites in the Big South Fork Nati onal
Ri ver and Recreation Area in Novenber of 1999. A pit at one
site at the edge of the flood plain of a small stream had
received crude oil releases froma nearby tank. Auger holes
down gradient fromthe pit showed the presence of anonal ous
concentrations of VOCs at depths of 3 feet for a distance of
about 50 feet. PID  readings at other sites showed 1) one
reclaimed site where hydrocarbon bi odegradati on was i nconpl et e;
2) one reclainmed site where biodegradation had |left no traces of
VOCS; and 3) two sites where traces of substantial offsite
m gration of hydrocarbons occurred. Produced water salts at one
site have mgrated many 100s of feet downvalley fromthe area of
salt scarring and tree death adjacent to the pits. Naturally
occurring radioactivity (NORM at nobst sites was at background.
One site showed anonmal ous radi oactivity related to NORMin a



small brine pit. Some of this NORM has noved downsl ope fromthe
outlet pipe to the pit.

| NTRODUCTI ON

Federal |and nmanagers have increasing responsibilities to
assess the nature and extent of environnmental inpacts on Federal
| ands and to determ ne the associated risks to human health and
ecosystens. Oten, the | and manager has a | arge nunber of sites
to evaluate, limted resources to perform assessnents, and
limted guidance on how to evaluate and prioritize sites for
nore detail ed assessnents and renedi ati on. Because formal site
assessnments are | engthy and expensive (see, for exanple, ASTM
1999a), accurate prioritization is vital.

The generally renote |ocation of oil and gas production
sites on Federal lands has historically Iimted public concern
regardi ng i npacts on human health and ecosystens. More
recently, oil and gas production sites on Federal and private
| ands have come under increased scrutiny as past production
i npacts are being noticed, inpacts on fish and waterfow are
docunent ed, use of surface and ground water supplies expands,
rural areas are encroached upon by residential and comrerci al
devel opnent, and recreational uses of producing areas increase.

For oil and gas production sites, the main sources of human
heal th and ecosystemrisk are hydrocarbons (especially that
fraction that is dissolved in water), saline water co-produced
wi th the hydrocarbons, and radionuclides, principally radiumin
t he produced water or associated scale and sludge. The purpose
of this study is to describe nethods whereby field workers using
relatively inexpensive, portable equi pnent and consumabl e
supplies could rapidly evaluate oil and gas exploration and
production sites for hydrocarbons, produced water salts, and
natural ly occurring radioactive materials (NORM. The
techni ques provide semi quantitative data that can be used to
conpare and prioritize sites for nore formal site assessnent
efforts and renedi ation or to assess the effectiveness of
remedi ati on.

The net hods used here to detect hydrocarbons, salts, and
radi onucl i des have the advantage of being sinple and cost-
effective and extend the reach of the observer into the shall ow
subsurface. They provide real-time field data. Using these
met hods and sinple site mappi ng, several |ocations a day may be
assessed.

Know edge of the site characteristics (geol ogy, slope,
dr ai nage, topography, etc.) and site history enhances the
ability to search for and recognize |likely sites for



contam nation. Thus, these techniques are best used by, or in
conpany wi th, know edgeabl e | ocal personnel.

The mai n purpose of this reconnai ssance study in the Big
South Fork National River and Recreation Area (Fig. 1) is to
test the sinple techniques for site assessnment in several
different settings and not to perform extensive neasurenents at
any one site or to generalize about the nature and extent of
contam nation throughout the park unit eval uated.
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Figure 1- Location of the Big South Fork National Ri ver and
Recreation Area in eastern Tennessee and sout hern Kentucky.

Hydr ocar bons

Hydr ocar bon rel eases can range from major, episodic, spil
events or |esser, but nore prol onged, seepage frompits, pipes,
stuffing boxes, and tanks. Spills and seepage can be generated
by equi prent or containment failure, vandalism [|ightning
strikes, flood damage, and ot her natural phenonena. Rel eased
hydr ocarbons can flow across the | and surface or seep into the
subsurface frompits and bernmed areas designed to contain
spills. Because nost crude oils are | ess dense than water, they
remain on the surface of the water table. The conponents of
crude oil present will dissolve to sonme extent in ground water
and volatilize to the soil gas in the unsaturated zone. The
ratio of the partial pressure of a compound in air to its
concentration in water at a given tenperature is called the
Henry’' s Law constant. Henry’'s |aw constants for pure phase
conponents of crude oil can be used to predict dissolution in



water and vol atilization to air, a critical step to an
assessnent of the toxicity (ASTM 1999b; Yaws, Pan, and Lin
1993). The water-soluble and volatile fractions often include
t hose conponents of crude oil that have high toxicity (for
exanpl e, benzene, toluene, ethyl benzene, and xyl ene- BTEX).
Where a significant vapor-phase fraction is present, a
subsurface hydrocarbon plunme can be detected by neasuring

vol atil e organi c conmpounds (VOCs) in soil gas above the
hydrocarbon | ayer. M crobial degradation of hydrocarbons can
contribute to detection of a plune because degradation products
tend to be volatile.

Hydr ocarbon rel eases at a production site are typically
visible at the surface in the formof stained soil, oil in pools
on the soil surface or in pits, or oil sheen on the surface of
near by ponds and streans. These features are readily docunented
by observation and sinple site mapping. Wat is typically not
vi si bl e are hydrocarbons that have soaked into the soi
surrounding a pit and are now novi ng downsl ope in the subsurface
ei ther dissolved in the groundwater or noving as a separate
phase on the surface of the water table. Also not readily
di scerned are di ssol ved hydrocarbons that may be present in
ground wat er seeps or surface water flows downgradient fromthe
rel ease site.

Leakage of refined petrol eum products from underground
storage tanks, seepage of chlorinated hydrocarbons from waste
pits, and spills of petrol eum products during refining and
transport have required the devel opnent of detailed site
assessnment and renedi ati on procedures for hydrocarbon-
contam nated sites (ASTM 1999c). A photoionization detector
(PID, fig 2, appendix 1) is often used as a screening instrunent
at such sites to check for the presence of volatile organic
carbons and to protect personnel from exposure to them

The sinple technique for site assessnment described here
uses a PID to detect volatile organic conpounds in soil sanples
and soil gas at oil and gas production sites where spills are
apparent. This sinple approach has advantages in that readings
are instantaneous and the sensitivity and range are excell ent
(0.1 to 10,000 ppm VQOCs). The instrument can detect direct
hydr ocar bon contam nation of soils, VOCs being given off by a
non- aqueous phase hydrocarbon |layer on top of the water table,
or hydrocarbons dissolved in the water. It thus allows
personnel to eval uate contam nation beyond the i medi ate area of
obvi ous contam nation. Understanding how far and in which
di rection hydrocarbons nmay have m grated beyond the i medi ate
site is critical to assessing and prioritizing the site,
especially if potential receptors (i.e. stream pond, water
wel I') may exist downgradient fromthe site.



Fi gure 2- Photoioni zati on detector (RAE Systens, appendi x 1)
used to determ ne the concentration of volatile organic carbons
inair (either in soil gas in an auger hole or being given off
by a soil sanple to the headspace of a plastic sanple bag).

There are sone limtations to applicability of the method.
The depth limts for augering holes by hand varies fromsite to
site and, if the water table is deep, this [imts the ability to
detect the hydrocarbons. |In other cases, there may be limted
gas- phase transport of the VOCs, an intervening clay |ayer, or a
deep water table, and a hydrocarbon plunme may not be detect ed.
Thus, this techni que works best where the water table is
relatively shallow and the soil and subsoil are easily augered.

Pr oduced waters

Produced waters are generated at alnost all oil production
sites in the U S., all coal bed nmethane production sites, and at
many ot her gas production sites. The ratio of produced water to
produced oil at a production site ranges from<1:1 to about
100: 1. The average ratio is about 10 to 1 (Breit and others,
1997). The salinity (total dissolved solids, TDS) of these
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waters can range froma few thousand to about 400,000 ppm For
conpari son, seawater has 35,000 ppm TDS. Rel eases of these
waters to streans are permtted where the waters neet certain

st andards; however, about 95 percent of all U S. produced waters
are presently being injected into subsurface formations to
enhance oil recovery or to sinply dispose of the water.

The salts typically found in produced waters (Na, O, SOy
may cause waters to beconme contam nated and exceed secondary
drinki ng water standards or standards for irrigation or
|ivestock use. They may cause soil and ecosystem danage, but
they are generally not known to cause human di sease. However,
| oss of use of a ground or surface water supply because of
taste, odor, damage to water systens, or related reasons has a
significant econom c cost for those inpacted. Regardless of the
salinity level, produced waters can contain significant |evels
of toxic trace elenents including netals of concern under the
Resource Conservation and Recovery Act (RCRA), however, there
are only limted studies of trace elenents at produced water
rel ease sites. Measurenents for trace elenents in waters and
solids are beyond the scope of this field nmethodol ogy study.

Sal i ne produced waters can adversely inpact ecosystens.

Most produced waters contain concentrations of sodi um and
chloride sufficient to kill vegetation outright or prevent

germ nation of seeds. They also contain sone mnor elenents,
such as boron and lithium that inhibit plant growth. In
streans and estuaries, excess salinity contributed by produced
waters may limt growth or reproduction of aquatic organi snms
(Andreasen and Spears, 1983). Produced water rel eases are often
acconpani ed by excessive soil erosion near the source because

t he added sodi um causes di spersion of clays, disruption of soi
texture, and | oss of cohesion. Dispersion of clays reduces soi
pernmeability and further inhibits plant growth. Siltation of
wat erways may further alter habitat for aquatic organi sns and
limt the life of reservoirs. Soils and water nore renoved from
sites of obvious soil salinization and erosion may have salt

i npacts that are | ess obvious, but still are deleterious to
ecosyst ens.

An extensive literature has devel oped for assessing and
remedi ating saline soils in agricultural lands (U S. Departnent
of Agriculture, 1954; Tanji, 1990). Subsurface drai nage systens
and addition of anmendnents such as gypsum and organic matter are
the principal nmeans for soil renmediation in affected
agricultural lands. Saline soils at oil and gas production
sites share sone features with saline soils in agricultural
areas such as poor support of vegetation, destruction of soi
texture and enhanced erosion, but typically differ in the
conposition of the added salts (see bel ow).
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Several studies have attenpted to discrimnate salts
derived from produced waters fromthose derived fromnatural or
ot her industrial sources, including studies of water
salinization (Wittenore, 1995, Davis and others, 1998; Abbott,
1998; Spangl er and others, 1996) and studies of soil
salinization (Oton and Zielinski, 1998). These studies
docunent differences in the total anmount of salts or
conpositional differences between salinity sources (chloride
content, bromde to chloride ratio, or isotopic differences).
Assessnment and renedi ation techniques specifically tailored for
known produced-water rel ease sites have been devel oped by the
Anerican PetroleumlInstitute (Carty and others, 1997).

The initial assessnent approach described here is an
extensi on of nethodol ogy devel oped by the authors at sone
produced-wat er contam nated sites in Colorado (Oton and
Zielinski, 1998; Zelinski, Oton, and R ce, 2000). The nethod
uses a field conductivity nmeter (fig. 3, appendix 1) to neasure
the conductivity of waters or soils sanpled at the site. The
method is inproved by the recent availability of chloride
titration strips (fig. 4, appendix 1) that can provide reliable
field data for chloride concentrations in waters or soi
| eachat es.

Figure 3- Field conductivity neter (Markson Science, appendix 1)
used to determ ne conductivity of water sanples and soi
| eachat es.
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Figure 4- Chloride titration strips (HACH Conpany, appendix 1)
provi de nmeasurenent of chloride ion concentrations in sanpled
waters or in soil |eachates.

The soil sanples can be retrieved either fromthe surface
or froman auger hole. The conductivity values serve as a
surrogate for salinity. The conductance and chloride val ues
observed at suspected contanminated sites are conpared to val ues
for sanples of water fromthe contam nant source (produced water
tank or brine pit) or frominpacted soils innmediately downsl ope
fromthe source and to background values for soils and waters
measured at uncontam nated sites.

Naturally Cccurring Radi oactive Materials (NORM

The USEPA estimates that about 30 percent of oil and gas
production sites have radi onuclide | evels of regulatory concern
(SC&A, 1997). NORM (nostly 2?°Ra and 2?®Ra in approxi mately equal
radi oactivity) is dissolved in saline waters associated with the
oil or gas in the producing horizon. As water is produced with
oil or gas, tenperature and pressure drop, and gases exsol ve
fromsolution. As aresult, mnerals often precipitate fromthe
water form ng scale in downhole tubulars, surface flow |ines,
and tanks, sludge in tanks, or precipitates in holding ponds.
When barite (BaSOQ;) and other minerals precipitate fromthe
water, radiumis incorporated as a coprecipitate. The American
Petroleum Institute conducted a survey of NORM contam nation at
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oi | and gas production sites across the U. S. docunmenting many
areas with significantly elevated | evels of NORM (O to, 1989).
The aut hors have docunented NORM cont am nati on and mneasured
radi umisotopes at sites in Cklahoma, Illinois, Kentucky,

Wom ng, and M chigan (Oton and others, 1997a,b,c; Zielinski,
O ton, and Budahn, 1997; Zielinski, Wiite, and Oton, 1998;
Zielinski, Oton, and Budahn, 2000). The approach used here is
based on this experience.

This method uses a m croRmeter to neasure radioactivity
from gamua-ray sources at the site (fig. 5, appendix 1). The
instrument is sensitive to ganma rays from decay products of
226Ra (principally ?Bi) and %?®Ra (principally 2°Tl), but also
measures gamma rays from“°K.  Measurenents on equi pment and
suspect soils at a site are conpared to background readi ngs for
uncont am nat ed equi pnent and soils nearby. The ability of the
instrunment to detect anomal ous radioactivity is limted by the
gama-shi el ding effects of soil (about 40 cm of soil reduces the
gamma signature of a source by 90 percent) and the netals and
other materials in equipnment. Thus radi um bearing sludge inside
tanks or pipes or radiumbearing soils buried by uncontan nated
soils may not be consistently detected or may be neasured at
| evel s I ess than that of unshielded material.

Figure 5- McroRmeter (Ludlum Measurenents, Inc., appendix 1)
used to nmeasure ganma activity associated with naturally
occurring radioactive materials at an oil and gas production
site.
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Al t hough several States have established radioactivity
[imts for equipnent and radiumactivity limts for soils at oi
and gas production sites, Federal limts are not yet established
(Gray, 2000). Site renediation requirenments are usually given
in mcroRem hour (nMR/ hr) for equipnent and picoCuries/gram
(pC/g) radiumfor soils. This technique provides data directly
applicable to requirenents for equipnent, but does not yield
information relative for existing standards for soil
remedi ation. The radium content of soils must be established by
| aborat ory radi ochem cal anal yses. Sonme renedi al conpani es use
a mcroRmeter as a screening tool for cleanup of soils based on
their experience with soils in sonme areas. For exanple, they
may cleanup all soils nore than 50 percent above background as
measured with a m croRmeter, having established from previ ous
studi es that those soils exceed the applicabl e standard.

Big South Fork field study

As a result of discussions with personnel of the Geol ogic
Resources Division of the National Park Service, the authors
visited the Big South Fork National R ver and Recreation Area in
nort heastern Tennessee in early Novenber 1999 (fig. 1). A
CGeographic Information System (@ S) study of the Big South Fork
Nati onal River and Recreation Area (T.J. Mercier and J.K Qton
U. S. Ceol ogi cal Survey, unpub. map, 1999) shows that 314 oil and
gas wells exist within the unit boundary and 3453 wel |l s exi st
within the watershed. The Big South Fork boundary file and the
wat er shed boundary file were supplied by Ron Cornelius (National
Park Service, witten conmun., 1999). The oil and gas well
| ocation data were derived fromproprietary files (Information
Handl i ng Systens, Inc.) |eased by the U S. Ceol ogi cal Survey.

A review of the published literature for the oil fields in
the Big South Fork area suggests that oil and gas production in
this area yields little produced water (d enn, 1915; Wnston and
others, 1974). Onsite discussion with Big South Fork Nati onal
Ri ver and Recreation Area personnel and site visits showed that
sel ected fields had sone water produced and that condensates
were being produced at other sites. In this area, oil fields
produci ng from sandstone units tend to have coproduced wat er,
wher eas those producing from carbonate reservoirs yield little
or no produced water (Steve Bakal etz, National Park Service,
oral commun., 1999).
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PROCEDURES
Hydr ocarbons in soils

This technique relies on detecting VOCs (1) present in soi
pore gas derived froma nearby hydrocarbon source; and (2)
derived fromgently heating hydrocarbons present in a soi
sanpl e, where the hydrocarbon can either occur as a free phase
in pore spaces or be sorbed to mneral grains. Volatile
hydrocarbons in soil gas or in headspace above a bagged soi
sanpl e are detected using the PID di scussed above. A PID can
detect concentrations of |ow nol ecul ar weight (Cl-Cl0, excluding
nmet hane) VOCs in air down to 0.1 ppm The PID has an internal
punp that draws air through a charcoal filter and a noisture
filter to a photoionization chanber where hydrocarbons are
ionized by W light. Ejected electrons are detected as a
current. Gas VOC concentrations are cal cul ated based on
calibration of the PID to a known standard gas. Reliable
readi ngs require the use of filters and careful operation to
limt access of dust and noisture to the neasuring chanber.
Reported precision for nmeasurenment of a single standard gas is
+2 ppmor 10 percent of reading.

We used a 2-inch dianeter soil auger (appendix 1) to create
entry for soil-gas sanpling and to retrieve soil sanples from
vari ous depths (depths checked with a ruler or tape). Soi
augering typically involves multiple entries into a hole with
wi thdrawals to pull soil fromthe auger bit. W neasured soil-
gas VOC concentrations at one or nore depths as augering
progressed. Soil-gas neasurenents in the open auger hole are
made by sanpling through attached Teflon tubing that is |owered
down the hole to the desired depth (typically I ess than one inch
above the bottom of the hole). Teflon tubing is recommended by
the PID nmanufacturer to mnimze VOC sorption | osses to the tube
walls. The internal punp of the PID draws the soil gas sanple
t hrough the tube and into the ionization chanber. Care nust be
taken to avoid plugging the end of the tube with dirt and to
avoid drawing water into the PID. The PID values typically drop
through tine as air fromthe atnosphere slowy dilutes the VOCs
in the open hole, so the maxi num value is recorded.

Retrieved soil sanples were placed in seal able plastic bags
and set aside for several mnutes in a place sonewhat warmer
t han anbi ent conditions in the ground. This allows the soi
sanple to degas volatile hydrocarbons that may occur as a
fraction of hydrocarbons present as a free phase in the soil or
sorbed to the soil mnerals. Al sanples at a given site should
be warnmed simlarly. Later, the tip of the PIDinlet tube is
carefully inserted into the partially opened plastic bag and
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measurenents made. The values typically start high and drop
qui ckly as anbient air is drawn rapidly into the plastic bag.
The maxi mum val ue i s recorded.

Background neasurenents should be made at a site to
determ ne the range of natural VOC levels in |ocal soils.
Organic matter in soils generates neasurable VOCs, including
many that are common to petrol eum contam nant sites (Dragun and
Bar kach, 1993). The Teflon tubing used to make downhol e
measurenents may sorb VOCs fromsoil gas in a contan nated auger
hol e and then rel ease them during subsequent neasurenents.
Flushing of the tube with anbient air should be perforned
bet ween soil gas neasurenents, especially after measuring high
VOC sanples. Anbient air may also yield slightly el evated VOC
readings if volatile hydrocarbons are contributed froma nearby
pit or tank or fromaromatic plants at the site.

For an overvi ew of hydrocarbon sanpling in petrol eum
contam nated soils see various papers in Cal abrese and Kost eck
(1993).

Al t hough not attenpted in this field study, our |ab
experiments suggest that volatile organic phases dissolved in
wat er can be detected by collecting 750m of water in a 1-liter
gl ass container. A piece of plastic filmis placed over the
cont ai ner opening, then the lid is screwed on. The sanple is
shaken for two mnutes and then allowed to sit for two
additional mnutes to allow all of the bubbles entrained in the
wat er to reach the headspace (a stop watch should be used). The
jar is then carefully opened and the PID input port inserted in
the jar headspace by poking a hole through the plastic film
The maxi mum val ue observed should be recorded. As with the soi
gas sanpling, readings to neasure background hydrocarbon | evels
in waters should be nade and sanple bottle contam nation should
be nonitored, perhaps using distilled water as a bl ank.

Eval uation of salts from produced water rel eases

This approach relies on field estimates of total dissolved
ion concentration with a conductivity neter (fig. 3, appendix 1)
and nmeasurenents of dissolved chloride concentration using
chemcal titrator strips (fig. 4, appendix 1). These
nmeasurenents are nmade directly on water sanples or on 1:1 (by
vol unme) aqueous extracts of soils. W conpared neasurenents of
chloride in field sanples using the chloride titrator strips to
measurenents of chloride of the same sanples by ion
chromat ogr aphy and found excell ent agreenment (fig. 6).
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Figure 6- A conparison of chloride neasurenents of field sanples
by the chloride titration strips (x-axis) after filtering in the
lab to chloride neasurenents by ion chromatography (1C, Y-axis).

If an active produced water source (pit water, flow ng or
| eaky pipe, or other) is available, conductivity and chloride
measur enents shoul d be made directly on these waters to
establish reference chloride/conductivity ratios for the source.
| f the produced water is not available, water extracts of soils
directly inpacted by produced water rel eases, as indicated by
vi sual inspection, can be neasured instead. Witers and soils
upsl ope fromthe produced water source should be neasured to
establish | ocal baseline values, however, care nust be taken to
identify other possible sources of salts upslope fromthe
studied site. At inactive sites, produced water renmaining in
bri ne ponds or other possible sources may be substantially
diluted by rain or shallow ground water inflow

For soil sanples, a surface grab sanple or subsurface auger
sanple is | oosely packed into a small plastic jar and then
transferred to a |arger, screwop, plastic jar. The snal
plastic jar is then filled with distilled water and the water
poured in the larger jar. The mxture of soil and water in the
| arger jar is shaken for one mnute and set aside for several
mnutes to allow the coarser particles of soil to settle out of
the water columm. Conductivity and chl oride neasurenents are
made on the |iquid.
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Eval uation for radioactivity (NORM

The mcroRneter (fig. 5, appendix 1) is a sensitive
measuri ng device for gamma-rays. At oil and gas sites, it can
be used to detect gamma rays fromradi umbearing barite that is
commonly precipitated fromproduced waters (Oto, 1989). It
cannot detect radioactivity in the produced waters. It can also
be used to detect the presence of radioactivity as *°Pb and
associ at ed decay products that have plated out on the interior
surfaces of gas production and processing equi pnent. Valves and
el bows in gas gathering and processing equi pnment are typical
pl aces for accunul ati on of 2°pp.

Since soils contain varying anounts of naturally
radi oactive isotopes of uranium thorium and their decay
products including radi umand radon, the background for the
| ocal site should be determ ned by maki ng several neasurenents
around the perinmeter of the disturbed site. In making these
background neasurenents, care should be taken to avoid ot her
di sturbed sites nearby, and to avoi d nmaki ng nmeasurenents
downsl ope fromthe disturbed site where radioactive soi
contam nati on may have noved. These background readi ngs are
noted in the site description. Equipnment and soils at the site
are then surveyed.

Since precipitates often fall to the bottom of tanks, the
bases of all oil and water tanks are nmeasured and information is
recorded. Note that the tank wall will attenuate some of the
gamma-ray intensity. The conposition of the tank shoul d be
noted (i.e. steel, fiberglass, wood). A sinple annotated sketch
map in field notes allows these neasurenents to be docunented
systematically. Soils in pit bottons (if dry), soils adjacent
to water in pits, soils in and near places where water has been
rel eased fromoverfl ow pi pes, and where water has noved
downsl ope froma pit or tank are places to exam ne. Since
wat er-saturated soils attenuate gamma-ray intensity conpared to
dry soils, water saturation should be noted, if present.

Di scolored soils, often indicators of oily sludge di scarded on

t he surface, should be exam ned. Substantial areas of anomal ous
soil (greater than 50 percent above background) shoul d be
sketched. Bottons of washes draining the site should be checked
to detect radioactivity noving offsite in particulate natter.

A reclainmed site provides few visual clues as to where to
i nvestigate for anomal ous radioactivity. The site should be
crisscrossed systematically with the instrunent held at hip
level. An instrument with an audi ble signal is useful for this
type of surveying. Soils with anonal ous readi ngs (greater than
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50 percent above background) should be investigated closely. A
trowel or small shovel should be used to renove the surface

| ayers to determne if the radioactivity is comng froma nore

i ntense source bel ow the soil surface.

Bl G SQUTH FORK SI TE STUDI ES

In early Novenber of 1999, the authors visited several
sites in and adjacent to the Big South Fork National Ri ver and
Recreation Area in northeastern Tennessee to test the assessnent
procedures descri bed above (figs. 1 and 7). The Big South Fork
Nati onal River and Recreation Area is on the Cunberl and Pl at eau
where it is deeply dissected by the Big South Fork of the
Cunberland River and its tributaries. The area is underlain by
generally flat-1ying sandstone, shale, and |linestone. Thick
residual soils formon the ridge crests, thin soils on
hill sl opes, and colluvial and alluvial deposits of varying
t hi ckness occur on the toe of the valley slopes and on vall ey
floors. Rainfall for the area is about 60 inches per year. Qur
visit was preceded by an extended period of bel ow normal
precipitation and streamflows were at 60-year record | ows.
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Tennessee Big South Fork

Big South Fork
,‘ N National River and

Oneid
Recreation Area neida
Park
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Clear Fork l

|(_l,

Figure 7- Detailed map of Big South Fork National R ver and
Recreation Area showi ng sone cultural features and study
site locations (1 to 7) in and near the park unit.
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Site BSF 99-1

This site lies along Pine Creek adjacent to a dirt road
that follows an old railroad grade (fig. 7). It is in the Oneida
South 7.5-mnute quadrangle at |atitude 36°28' 5.68” N and
| ongi tude 84°35’ 17.11"W The site is about 1 nmile upstream
(east) of the Big South Fork National River and Recreation Area
boundary. There is an active oil storage tank, an ol der punping
unit, and two abandoned tanks at the site (fig. 8A). Adjacent
to the oil storage tank is a snmall pit about 12 feet by 23 feet
formed by constructing a bermon the downsl ope side of the pit.
During our visit we observed spilled oil on the soil surface
extending froma valve at the base of the tank to the pit (fig.
8B). The pit had oil in it and, based on oil staining on the
pit walls and a tree trunk, the oil |evel was about 12-16 inches
bel ow its apparent maxi mum after the spill event (fig. 8C. The
pit had not overfl owed.

{—'_I Cld tanks
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4
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Psripitigf /f/
Lmping
unit ™~ 3 Cla,
A
\h___ i
o Area of impact Active tank
= 1 Sy
o) el et
Trench = oL ™
2 ﬂfr_ Spill
Q o)
S i ; !
‘\ = Auger hole sites

Dirt mound

Figure 8A- Sketch map of study site BSF-1 al ong Pine Creek
bet ween Onei da and the east boundary of the park unit. Mny
features were nmeasured with tape and conpass. Site includes
evi dence of ol der operations (older |arge tanks, dirt nound,
trench, and pit at site 4) which are heavily overgrown.
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Figure 8B- View of active oil tank |ooking north at site BSF-1
showing spilled oil fromtank on soil surface. Pit is just to
the left of the view
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Figure 8C View of oil in pit adjacent to active tank. Ol
stains on the small tree mark a higher level of oil in the pit.

The tank and pit are |ocated on the flood plain of Pine
Creek. Between the oil-filled pit and Pine Creek is an
addi tional much larger pit, several nounds of soil as nmuch as 6
feet high, and a trench that |eads down to the creek’s edge
(fig. 8A). This area of trenches, pits, and nounds is heavily
vegetated. These features may represent ol der oil and gas
production operations at this site. W augered one hol e upsl ope
fromthe tank and the pit (background site, A fig. 8A table
1), one hole adjacent to the spilled oil between the tank and
the pit (B, fig. 8A; table 1), and 6 holes in the soil between
the pit and the stream (1-6, fig. 8A table 1). The follow ng
tabl e shows data for these hol es.
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Table 1- Soil PID readings for Site BSF-1.

Di st ance TD for Soi | Maxi mum | Soi |l gas | Maxi num
Hol e | downsl ope hol e sanpl e soil PID sanple soi |l -gas
frompit (i nches) |interval readi ng | depth PI D reading
(feet) (i nches) (ppm (i nches) | (ppm
A DNA 33 29- 33 0.3 32 3.5
B DNA 33.5 0-11 42.1 11 12. 3
(o0il -stained) 33 12.8
1 20 37 - - 27 25.1
2 23 41 34-37.5 3.3 34 39. 4
41 29.9
3 49 36 - - 36 9.8
4 62 25 - - 25 3.3
5 87 34.5 - - 34.5 1.4
6 127 28 28 0.4

DNA- does not apply; ppm parts per mllion

The authors also nade field conductivity and chl ori de
measurenents in Pine Creek near the point where the trench
| eading away fromthe site encounters the creek. The trench was
dry, however the pool of water right at the nouth of the trench
showed Leptothrix D scophora at the surface and mld iron
stai ni ng on sedi nent surfaces suggesting that reduced, iron-
bearing ground waters were seeping into the creek at that point.
The pool neasured 290 m croS/cm specific conductance and | ess
than 30 ppmchloride. The main channel (m ddle) of Pine Creek
measured 460 m croS/cm and 43 ppm chloride. The nain channel
(far side) neasured 440 mcroS/cm Another pool close to the
trench pool, but alittle farther downstream neasured 260
mcroS/cm Treated water fromthe Onei da sewage treatnent plant
rel eased into Pine Creek upstream from our sanpling points may
be responsible for the el evated conductivity and chl oride
concentrations in the stream (Steve Bakal etz, National Park
Service, oral conmmun., 1999).

Site BSF99-2

This site is located on the crest of a small ridge between
Bear Creek and the C ear Fork of the Cunmberland River in eastern
Scott County (fig. 7). It is in the Honey Creek 7.5 -quadrangle
at |l atitude 36°23' 15.28” and | ongitude 84°39’' 45.21". The
locality includes the site of an old tank battery, now renoved,
a new tank battery, an active punping unit, and an area of
remedi ated soil (fig. 9). There is no water production, however
the oil has a high gas fraction. No anomal ous radioactivity is

present. Background radioactivity was about 3 nR/ hr.
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Figure 9- Sketch map of Site BSF99-2 show ng | ocal features,
remedi ated area, and 3 localities where hol es were augered
(1,2,A).

About six years prior to our visit, lightning struck one of
the tanks in the old tank battery. The gas in the headspace of
t he tank expl oded and about 200 barrels of oil were rel eased
(fig. 9). This oil noved south downsl ope into the small stream
then into Bear Creek, and subsequently into Cear Fork (Steve
Bakal et z, National Park Service, oral comrun., 1999). The
affected area i mMmedi ately below the old tank battery was
remedi ated by tilling the soil to a depth of 4-5 inches,
fertilizing, then planting wwth winter wheat and wnter rye
(Steve Bakel etz, National Park Service, oral commun., 1999).
Three hol es were augered at this site: one in the |ow end of the
remedi ated area in a small depression created by a | ow berm (1
fig. 9; table 2); a second in the floor of a small dry wash
several tens of feet below the renediated area (2, fig. 9; table
2); and a third on the opposite hillslope (background site, A,
fig. 9; table 2). At the site of hole 1 there were sedges
grow ng suggesting that the site is danp at |east part of the
year. Soil in the upper 9 inches of the hole contained
sem solid fragnents of residual hydrocarbon, but no noticeable
hydr ocar bon odor. Below 12 inches a strong hydrocarbon odor was
present. In hole 2 the soil was danmp throughout but no
hydr ocar bon odor was noticed. Small pools of water were noted
downstream fromhole 2. On the hillslope above and bel ow hole A
sandst one | edges were observed and the soil was sandy.
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Tabl e 2- Soil

PID readings for Site BSF-2.

TD for Soi | Maxi mum Soil gas | Maxi num soi |
Hol e | hol e sampl e soil PID | sample PI D reading
(inches) |interval r eadi ng dept h (ppm
(i nches) (ppm (i nches)
1 32 0-9 0.3 8.5 0.6
21-28 52.8 21 20.9
28 26. 4
32 32.2
2 20 - - 20 4.1
A 32 - - 23 1.1
32 0.7

Site BSF99-3

This site is located along a small, unnamed stream on the
west side of the New River just south of the town of Wnona
(fig. 7; fig. 10A). It is in the Norma 7.5 -quadrangle at
| atitude 36°21'59.75” and |ongitude 84°27' 22.49”. The site
i ncludes a punping unit, two oil tanks, a separator tank nounted
on top of one of the oil tanks, a pit filled with oil and
water(?), and a smaller brine pit partly filled with water

Fi gure 10A- Sketch map of Site BSF99-3 show ng stream
conductivity sanple sites (CS1-6), soil sanmple sites (A B, S$4-
SS8), and water sanple sites (VW-W). Sone sites are identical.
Map is derived fromtopographic sheet for the site and tape and
conpass and pace and conpass neasurenents of the site. Soi
sanple sites A and B are approxi mately |ocated. Mapped valley
edge marks the edge of the flood plain to the southeast. The
edge of the flood plain to the northwest was not nmapped.
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(fig. 10B). The larger oil-filled pit is about 25 by 40 feet
(fig. 10C). The pits sit on a hillslope about 10 feet above the
| evel of the flood plain of the small stream The soil on the
hill sl ope below the two pits, and the soil on the flood plain
bet ween the toe of the slope and the streamis barren of
vegetation (figs. 10B and 10D). The barren zone al so extends
across the flood plain beyond the stream channel, however

i mredi ately adj acent to the stream channel wetland plants are
abundant. Several dead tree stunps |lie at the toe of the sl ope.
Ol has overtopped the larger pit and fl owed downsl ope onto the
flood plain of the stream An oily sheen was present in a snal
pool adjacent to the active stream channel near the toe of the
oi |l -stained soil.

Pumping unit /
M

Brine pitpipe
Wi
[ f
£

Barman sail

Barman soil

Figure 10B- C oseup sketch nmap of pit and tank area adjacent to
stream (see figure 10A for |ocation) show ng stream conductivity
sites (CS2-3), soil sanple sites (SS1-SS3), and brine pit water
sanple site (W). Mst features are approximately |ocated. The
width of the area in the figure is approximtely 100 feet (30nm)
Areas of barren (salt-scarred) soil are shaded. The site was
abandoned at the tine of our visit (Novenmber 1999).
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The brine pit (fig. 10E) has a thick |layer of L. discophora
growm ng on the surface. L. discophora is a bacteriumthat grows
on wat er surfaces where reduced iron is present in the water
colum. It forms a thin filmon the water surface that
superficially resenbles an oil sheen except that the surface
filmbreaks up into plates when di sturbed and the fil m does not
show t he vari abl e rai nbow col ors characteristic of thin oil
films.

Background radi oactivity for the site is 10 mihr, apparently
due to the underlying shal e bedrock. No anomal ous radioactivity
was noted on the oil tanks or the separator. Mud surroundi ng
the water in the brine pit read as much as 35 nR'hr. Water from
the overflow pipe for the brine pit has eroded a small hole in
the hillslope. Sedinent in the bottomof this hole was 120

nR/ hr. Soil on the flood plain belowthis hole neasured 15-30
nR/ hr.

Figure 10C QO l-filled pit at Site BSF99-3 (see figure 10B for
| ocation). G spilled fromfar edge of pit downsl ope onto the
flood plain of the small stream
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Figure 10D Salt-scarred soils and dead trees just downsl ope
fromthe brine and oil pits at Site BSF99-3. Note strip of

wet | and vegetation growi ng al ong stream margi n and barren soil
area beyond. Lip of oil-filled pit is at |ower |eft edge of
photo. A small area of oil-stained soil extends fromthe |ip of
the pit onto the flood plain of the stream Sone oil has
reached the stream and a sheen is present.
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Figure 10E- Brine pit at Site BSF99-3 (see figure 10B for

| ocation). The oil-filled pit is to the right of the view A
smal | dianmeter pipe exits this pit fromthe opposite edge and
passes through the wall of the pit. The water surface is
unusual |y reflective because of the Leptothrix discophora
colonies on the surface. Note persons at |eft edge of pond for
scal e.

Water conductivity neasurenents were nmade in the brine pit
and in the streamat |ocations that extend upvalley fromthe
site several tens of feet to |ocations several hundred feet
downval ley fromthe site (figs. 10A and 10B). Field
geochem stry neasurenents for water at this |location are
reported in Table 3.
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Tabl e 3- Specific conductance and di ssol ved chl ori de
concentration in water sanples fromsite BSF99- 3.

Di stance | Specific
from Cond. d
Sanpl e reference| (ns/cm (ppmM Remar ks
(feet)
Distilled| DNA 2.9 - Purchased at |ocal store
wat er
Brine pit| DNA 890 130 Stagnant. W fromthis site
Cs1 +100 170 - Barely flow ng
CSs2 +30 95 - Fl owi ng, culvert outl et
CSs3 0 90 - Fl owi ng, oil sheen
C4 -70 90 - Fl owi ng
CS5 -140 95 - Fl owi ng
Above SS6| -180 90 Fl owi ng
Si de pool | DNA 500 147 Frogs in water. W2 fromthis site
CS6 -210 120 Fl owi ng
At SS7 - 245 405 50 Fl owi ng, ground water seeps with
Iron. WB fromthis site.
Bel ow SS9| - 650 1500 219 Pool fed by seeps. W fromthis
site

DNA- does not apply. ns/cm nmicroSiemens/centinmeter. ppm parts per
mllion

Soi|l samples were collected at two background sites (A and
B, fig. 10A; table 4), in the salt-scarred area on the flood
pl ain adjacent to the pits (SS1-3, fig. 10B), and in the stream
vall ey below the site for several hundred feet (S$4-8, fig.
10A). Soil leachate data for the sanples are given in Table 4.
D stances noted are distances fromthe outlet pipe at the brine
pit. Sonme stream water sanples were collected adjacent to the
soil sanple sites (see tables 3 and 5).

Sel ected soil |eachates and water sanples fromthis site
wer e subsequently analyzed in the | aboratory for conparison to
field data (table 5). Those sanples neasured with the chloride
strips in the field were reneasured in the lab if the field data
were within the range of the strips (<30 to >655 ng/l). All
sanpl es were neasured for chloride and sulfate by ion
chromat ography (1.C.).
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Tabl e 4- Soil

| eachate data for site BSF99-3.

Di st ance
from brine| Leachat e Leachat e
Locality outl et field cond. chloride | d/Cond Renar ks
(feet) (ns/cm (ppm
A DNA 56 Assuned Above site
bkgnd <30
B DNA 195 Measur ed On flood plain
bkgnd <30 downstream from
SS7
Ss1 14 2800 Measur ed Reed and sedges
>655
SS2 14 890 254 0.29 Scarred soil
SS3 31 7400 Assuned Scarred soi
>655 adj. to stream
S$4 66 4600 Assumed Scarred soi
>655 adj. to stream
SS5 86 8400 Assuned Scarred soi
>655 adj. to stream
SS6 185 120 Assumed Ent r enched
<30 stream sSoi
i solated from
flow
SS7 260 5950 Measur ed Seep zone,
>655 reduced iron in
sampl e
SS8 660 74 Assuned No surface fl ow,
<30 bel ow | and
surface, just
upstream from
saline pool in
Table 3

Bkgnd- background
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Tabl e 5- Laboratory data for water and soi
fromSite BSF99-3

| eachat e sanpl es

Spec. cond.

Cl-strip

Cl-gtrip

*

Sample usem) | (mgh) (mg/l) F'C(rlna%") ot la‘g‘g" %'éﬁgec Cl/so4

fidddata | fielddata | filtered, lab | "© C. :
1:1 soil
leachates
Sst 2800 >655 : 935 650 033 144
S 890 254 254 260 140 0.29 186
B (bkgd) | 195 <30 ; 152 54 0.08 0.28
A (bkgd) | 56 <30 : 25 22 0.04 011
Surface
waters
W1-Brine pit | 890 130 130 115 260 0.13 0.44
W2-Side pool | g, 147 147 140 134 0.28 1.05
near SS6
W3- AtSS7 | 405 50 43 37 48 0.09 0.7
stst Below | 1500 219 227 229 161 0.15 142
Blind rep. of
o 141 132
100 ppm Cl
standard 98 n.d.

*Sulfate datais less accurate because dilutions were optimized to measure chloride.

Estimated errors are +/- 5% for IC for most samples

Site BSF99-4

This siteis in a snal

val l ey at the head of Potter

at the south end of Hurricane Ridge in western Scott County

(fig. 7).

equi pnent or soils.
and no evi dence of natural
r el eases.

It is in the Honey Creek 7.5 -quadrangl e at
36°25’ 13.52” and | ongitude 84°40’ 19. 83".
site shows no radioactivity above background (about 3 nR/ hr) on
production at this site
gas condensate

Site BSF99-5

There i s no water
gas or

nat ur a

| atitude

Thi s gas production

This site is along Hurricane Ridge in the upper
drai nage of the North Fork of Honey Creek (fig. 7).

t he Honey Creek 7.5’ -quadrangl e at

| ongi t ude 84°40’ 21. 20".

near by punping unit (fig.
associated with this oil

has 4 oil storage tanks.

| atitude 36°25’ 55. 67"

part of the
isin

and

Site consists of a tank battery with

11).

No water production is

producti on.
The floor of the berned area is
covered with a thin I ayer of gravel.
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Each of 4 tanks has a
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val ve near the base on the side away fromthe road. The soi

and the berm adj acent to these val ves have been oil-stained in a
pattern that suggests that oil has sprayed fromthe val ves when
opened. GOl -stained soil extends fromthe valves at the base of
each tank to a distance of as much as 9 feet. W augered two
holes in and near the oil-stained soil associated with the third
tank (inset, fig. 11). This oil-stained soil patch included an
i nner zone of pooled oil at the surface.

Hol e 1 was augered about 18 inches fromthe edge of the
stained soil. Hole 2 was augered at the toe of the oil -
saturated soil pool (inset, fig. 11). PID data are reported in
Tabl e 6.
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am long)

& huger hole sites

Pumping unit

Figure 11- Sketch map of Site BSF99-5 show ng tank battery and
adj acent punping unit. Wdth of the area in the figure is about
200 feet, however, features are not to scale. |Inset- C oseup
sketch of Tank #3 and adj acent soil area with stained and oil -
saturated soils and auger hole | ocations. Features not to

scal e.
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Tabl e 6- Soi l

PID readings for Site BSF99-5.

TD for Soi | Maxi mum | Soi | gas | Maxi nrum soi |l gas
Hol e | hol e sanpl e soil PI D sanpl e readi ng
(i nches) interval |reading | depth (ppm
(i nches) | (ppm (i nches)
1 30 - - 30 0.2
(5-6 inches of
gravel at top)
2 16 - 11 4.1
(3 in. gravel 16 5.0
at top, partly
oi | coat ed)
- not sanpl ed.
Site BSF99-6
This site is along a ridge just north of the Clear Fork in
t he upper part of the drainage of Joe Branch (fig. 7). It is in
t he Honey Creek 7.5

guadr angl e at

| atitude 36°22'51.73” and
| ongi t ude 84°42’' 57. 47".

This is an oil-gas production site that
i ncludes a punping unit, an oil storage tank, and two snall

separator units (fig. 12). The background radi oactivity is

about 4 nR/'hr. No anonal ous radi oactivity was neasured on soils
or on any gas flow |lines or other equipnent.

|
FPumping |
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Ol =tained
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@ Auger hole sites

Figure 12- Sketch map of Site BSF99-6 show ng tank and adj acent
smal | separator units. Area of stained soil indicated by
shading. Height of the area in the figure is about 100 feet.
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A val ve at the base of the snmallest separator is a source

for sprayed oil that stains adjacent soil in a zone 12-13 feet
long and up to 3 feet wide. Saline water is also sprayed out
with the oil. Near the downslope end of this oil- and brine-

sprayed area is a snmall depression that at tinmes has had
standing water in it. W augered a hole in the mddle of this
depression (1, fig. 12; table 7). W also augered a hole at a
background site in the wooded area about 40 feet east of this
site (2, fig. 12; table 7). Al soil sanples taken from depths
| ess than 20 inches. Soil |eaches were perfornmed at this site,
no PI D neasurenents were made.

Table 7- Soil |eachate data for Site BSF99-6.

Hol e Fi el d cond. Chl ori de Remar ks
(mcroS/cm (ppm

1 57 Assuned <30

2 41 Assumed <30

Near by conpressor station on the other side of the road
i ncl udes conpressor, multiple flow lines, and an old tank
(downsl ope). No radioactivity readings on soil or equipnment are

above the | ocal background of about 2.5 nR/ hr.

Site BSF99-7

This site is located on the crest of a small ridge between
Bear Creek and the C ear Fork of the Cunmberland River in eastern
Scott County about 1200 feet eastnortheast of Site BSF99-2 (fig.
7). It is in the Honey Creek 7.5 -quadrangle at |atitude
36°23’ 21.78” and longitude 84°39’' 31.35”. The site consists of an
open, reclained area about 175 by 150 feet, fornerly the
| ocation of a sludge pit about 100 feet in dianmeter and several
feet deep (fig. 13). Reclamation work, done in 1993 and 1994,
i ncl uded spreadi ng of the sludge m xed with soil, linme (for pH
adjustnment), and Triple 12 fertilizer across the |and surface
and then tilling the surface. The site was planted in clover,
wi nter wheat, and winter rye. Initial TPH anal yses for
conposite soil sanples at the site were in the 500-700 ppm range
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(Steve Bakal etz, National Park Service, oral commun., 1999).
Low, bermed areas occur at the north and south edges of the
field where the slope drops off into streamvalleys. No

radi oactivity readi ngs are above the | ocal background of about

3.5 nRFhr. No produced water was stored in the pit.
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Figure 13- Sketch map of Site BSF99-7 show ng recl ai med area,
stream drai nage to the north, and auger hole |ocations. A snal
erosi onal channel extends fromthe |ow, berned north edge of the
recl aimed area northward to the head of a small alluvial fan.
This feature is believed to have been forned by sedi nent runoff
fromthe site. Reclained area about 175 feet east to west and
150 feet north to south (pace and conpass). Distance from
center of reclained area to stream about 300 feet (nmeasured from
t opogr aphi ¢ map) .

We augered a hole close to the center of the open area (1,
fig. 13), two holes close together just upslope fromthe bermin
the | ow spot along the northern edge of the reclained area
(2A,B, fig. 13), one hole on the hillslope below the northern
edge of the reclainmed area (3, fig. 13), one hole on the
hill sl ope below the reclainmed area (4, fig. 13), five holes on a
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smal |l fan and streamterrace below the toe of the slope just
above the valley floor (5-9, fig. 13), one hole on the north-
faci ng sl ope but upvalley fromthe alluvial fan (10, fig. 13),
and one hole in a background site on the south-facing slope (11
fig. 13). In picking hole sites downsl ope fromthe reclai ned
area, we followed a natural drainage channel established by
runoff fromthe site through a break in the berm(fig. 13). The
small alluvial fan nerges with a narrow terrace along the
stream The PIDresults for these holes are recorded in Table
8.

Table 8- Soil PID readings for Site BSF99-7.

Locati on TD for Soi | gas| Max. soi l Remar ks

Hol e | description hol e sanpl e gas PID

(i nches) | depth r eadi ng
(inches)| (ppm

1 M ddl e of 34 32 0.2 Ref used at TD by
recl ai med area bedr ock.

2A Low, berned area | 12 11 0.1 Ht W at 12 inches.
at north edge of
recl ai med area

2B 15 feet upsl ope 16.5 16.5 0.2 Ref used at TD by
from 2A bedr ock

3 Just bel ow berm | 18 18 0.2 Ref used at TD by
at edge of bedr ock
recl ai med area

4 About hal f way 14 14 0.4 Background at 0.2
down slope to ppm
stream

5 At head of small | 16 16 9.8 Ref used at TD by
al luvial fan bedr ock

6 Toe of fan at 9 9 0.9 Ref used at TD by
toe of slope gravel / bedr ock

7 Near head of fan-| 16 16 0.2 Ref used at TD by

4 ft from#5 bedr ock.

8 Downval | ey on 23.5 23.5 13.9 Hol e TD just above
fan/terrace W

9 Downval l ey from | 16 15 4.7 TD just bel ow WI.
#8

10 On hillslope 21 21 1.8 Away from area
upval l ey from possi bly affected
reclained site by hc novenent

11 On opposite sl ope| 13 13 1.3 Away from area

fromrecl ai ned possi bly affected

site by hc novenent

WI- water table; TD total depth
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DI SCUSSI ON AND CONCLUSI ONS
Use of PID

Reconnai ssance field nmeasurenments conducted by the authors
at sites in and near the Big South Fork National R ver and
Recreation Area suggest that a PID can be used to indicate
el evated concentrations of VOC in soil gas and to trace novenent
of hydrocarbons related to spills and pit | eakage at production
sites. At Site BSF99-1 (fig. 7), the data indicate that
hydr ocar bons may have noved in the subsurface several tens of
feet westward froman oil-filled pit. At Site BSF99-2 (fig. 7)
t he data suggest that hydrocarbons escaped the innmediate
vicinity of the site and that traces remain in the nearby stream
drai nage. At BSF99-7 (fig. 7), the data suggest that
hydrocarbons |ikely escaped the oil waste storage pit and noved
downsl ope into a streamdrainage to the north

PID data may al so be used to assess the conpl et eness of
remedi ation at reclainmed sites. At Site BSF99-2, hydrocarbons
remain in the soil profile in danp soils in a depressional area
at the low end of the reclainmed site. The persistent danpness,
as suggested by wetland plants, may prevent the oxygenation of
the soils, slow ng bacterial renediation of the hydrocarbons.

At Site BSF99-7, which is sandier and better drained, no
hydrocarbon traces remain at sanpled sites within the recl ai ned
ar ea.

The data suggest that downhol e neasurenments of soil gas
using a thin Teflon tube to extend the reach of the PID input
port are nore consistent in detecting hydrocarbons than soi
sanpl es brought to the surface and placed in baggies. Sorption
of hydrocarbons on the walls of the tube nmust be checked by
runni ng background neasurenents on anbient air. However the
baggy technique can provide significant additional information
in many settings. At Site BSF99-6, hydrocarbons were confined
to a surface layer. Since an open-hol e nmeasurenent of
hydr ocar bons may be influenced by contam nation fromthe surface
| ayer, establishing the depth of penetration of free-phase
hydrocarbons may require soil sanpling at progressively greater
dept hs and usi ng the baggy techni que.

Eval uati on of individual site PID data

Site BSF99-1

At Site BSF99-1, the data (fig. 8A table 1) denonstrate
t hat hydrocarbons have noved downsl ope fromthe pit site towards
Pine Creek. Soil gas VOC neasurenents above background extend
as nmuch as 49 feet fromthe edge of the pit (Hole 3- 9.8 ppm
and possibly as nuch as 62 feet (Hole 4- 3.3 ppm. The val ue
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for Hole 4 (3.3 ppm is indistinguishable fromthe upslope
background sanple A (3.5 ppm, however PID values for Holes 5
and 6 continue to drop below the site A background val ue
suggesting that Hole A may not represent background for this

| oner, nore sandy and gravelly part of the streamterrace. The
extent and shape of the hydrocarbon contam nation plume could be
estimated by augering additional holes on a close-spaced grid
and carefully contouring resulting PID values. Possible limts
to the area of inpact are suggested in figure 8A

Site BSF99-2

At Site BSF99-2, the PID data (fig. 9, table 2) suggest
t hat hydrocarbon renedi ati on has not been conplete at the | ower
end of the reclained area, however that finding could have been
determ ned qualitatively by augering holes and snelling the
sanpl es for hydrocarbon odor. The PID value for the hole in the
wash bottom (Hole 2- 4.1 ppn) suggests that hydrocarbons may
still be present in the subsurface in the shallow alluvium al ong
this drai nage. Further checking along this drainage in places
wher e hydrocarbons may have accumul ated may be warrant ed.

Site BSF99-5

At Site BSF99-5 (fig. 11), volatile hydrocarbons in soi
gas are not above background at depths of several inches at a
di stance of 18 inches fromthe margin of the stained soi
surface. This suggests that neither hydrocarbons nor VOCs have
noved laterally fromthe margins of the pooled oil. PID
readi ngs at depths of 11 and 16 inches at the edge of the pooled
oil show above background readi ngs. The downhol e readi ngs nmay
be influenced by VOCs given off by oil in the surface noving
downward during sanpling. W would recommend, in hindsight,
that a bagged soil sanple be taken and neasured under these
circunstances to see if free or sorbed hydrocarbons are present
in the soil at depth
Site BSF99-7

PID readings at Site BSF99-7 (fig. 13) indicate that
hydrocarbons at the reclainmed site have been effectively
remedi ated to background |l evels within the soil profile, however
our aerial coverage of the site was limted. There are no
apparent traces of hydrocarbons above background in the soi
profile at site 1 in the mddle of the reclainmed area, at the
| ow end of the reclainmed area where the water table is near the
surface (sites 2A and 2B), nor on the downhill slope to the
north of the reclainmed site (sites 3 and 4).

Vol ati |l e hydrocarbons at above background | evels were
detected in the small alluvial fan and associated streamterrace
at the base of the slope below the north edge of the reclainmed
area (Sites 5,8, and 9). Hydrocarbons fromthe site noved
downsl ope and accunul ated in the shall ow sedi nent al ong the
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streammargins. The nature of this novenent is unknown, but it
coul d have occurred as surface flow of oil, surface water
carrying di ssol ved hydrocarbons, or shall ow ground wat er
carrying di ssol ved hydrocarbons. Additional neasurenents
downstream fromthis locality seem warrant ed.

Soil gas PID readings in auger holes on the fan and terrace
gave hi ghest readings at depths just above the |evel of standing
water in the |lower part of the hole. This suggests that
sensitivity to VOCs is increased if downhol e neasurenents can be
made i medi ately above saturated ground. Hum dity can lead to
spurious high readi ngs under these conditions if care is not
taken to keep condensing noi sture out of the ionization chanber.
The PID did not neasure above-background hydrocarbons in Hole 2A
(fig.13) where sanpling was done about 1 inch above the shall ow
wat er table.

Use of field conductivity neters and chloride strips

In areas of known or suspected inpact by saline produced
wat er, el evated val ues of specific conductance (ion
concentration) in waters or soil extracts may be sufficient to
docunent contam nation. Additional neasurenents of dissolved
chl oride provide confirmation that waters or soil extracts have
a high ratio of chloride/conductance (C/Cond) conpared to | oca
background sanples. Hi gh ratios of C/Cond are characteristic
of dissolved salts in produced water. Chloride nmeasurenents can
be particularly diagnostic if suspected contam nated sanpl es
have only marginally el evated conductance, or it is necessary to
di stingui sh produced water inpacts in areas where background
conduct ance val ues are high, but background ratios of d/Cond
are | ow.

A generalized plot of dissolved chloride concentration
versus specific conductance illustrates how these two paraneters
can be used to identify waters and soils inpacted by chloride-
rich produced water (fig. 14). Waters and soil extracts from
background areas plot near the origin and scatter about a best
fit line that has a slope (X) defined by the C/Cond ratio of
| ocal soluble salts. Evaporative concentration of natural salts
or further buildup of dissolved salts related to natural

wat er/ rock, water/soil interactions should produce an array of
poi nts that scatter about an upward extension of the |ine of
slope X (Hem 1995). 1In contrast, chloride-rich produced waters

or highly saline soil extracts fromareas affected by produced
water spills plot far renoved fromthe origin and scatter about
a nore steeply sloping line (Y) that reflects a nuch higher

Cl/Cond ratio of soluble salts. Initial dilution of chloride-
rich waters or soil salts with chloride-poor natural water and
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salts produces an array of points scattered along a downward
extension of the line of slope Y. As chloride-dom nated water
and salts becone even nore diluted, the resulting m xtures pl ot
along linear mxing lines that connect chloride-rich and

chl ori de-poor end nenbers. A zone of m xing enconpasses al
possible mxing lines that could be drawmn (fig. 14). M xed
waters or soil extracts that have high C/Cond ratios conpared
t o background sanpl es should plot in the zone of m xing,
generally well above the extrapolated trend |ine defined by

nat ural background sanpl es.
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Figure 14- Generalized plot of specific conductance versus

chl oride concentrations show ng where background, produced

wat er, and m xed soil and water sanples may plot at a site under
investigation. Best fit lines for produced water and background
sanpl es are shown.

A simlar plot that includes data for water and soil
| eachates fromsite BSF99-3 (table 3, figs. 10A, 10B) is shown
in figure 15. A trend line for background sanples is drawn
t hrough points representing extracts of background soils (A and
B) located away fromthe production site and the stream vall ey.
The water sanple WB falls on this trend line. Sanples of stream
wat er that were nonitored for conductance only (CS1-CS6, table

3) have conductances that are uniformy low (90-170 nb/cm and
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that fall between the conductance values for A and B. The |ack
of el evated conductance values in the section of stream near the
production site indicates that at the tine of sanpling the site
was not a source of salinity to surface water. Water sanple W,
collected fromthe brine pit, plots very close to the
extrapolated trend line for natural sanples. This surprising
result indicates that, at the tinme of sanpling, the pit water
contained naturally derived salts that were concentrated by

evaporation or water/soil interaction. Wter sanples W and W
collected at sites of ground water seeps plot slightly above the
proposed trend line for natural sanples. In the absence of

background sanpl es of shallow ground water, marginally el evated
chl oride concentrations in W2 and W could be interpreted as
falling within the range of scatter of evolved natural ground
wat er conpositions.
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Figure 15- Plot of conductance versus chloride for soil extracts
and water sanples for Site BSF99-3. Best fit line for
background sanples is shown.

Cl earer evidence of contam nation by a chloride-rich salt
assenbl age i s provided by some of the soil extracts. As
expect ed, obviously saline soils on the flood plain adjacent to
the production site (SS1, SS2) have el evated ratios of C/Cond.
(table 3, fig. 15). Oher soil extracts at the site (SS3) or
al ong the stream bank from 30 to 260 feet downstream of the site
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(S$4, SS5, SS7) have highly el evated conductances that range

from 4600- 8400 n&/ cm and chl oride concentrations that exceed the
upper range of the chloride strips (655 ng/L). Predicted

chl oride concentrations in these sanples exceed 1000 ng/L based
on a | aboratory determ nation of 940 ng/L chloride in relatively

“fresh” soil extract SS1 (2800 nS/cm. These hi gh conductance
sanples plot off figure 15 and have chloride concentrations that
pl ace them well above the extrapolated trend |line for natural
sanpl es. Contam nation of stream bank sedinents with chloride-
rich salts is spotty because SS6 and SS8 have specific

conductances of only 120 and 74 nB/cm Sedinents nmarginal to the
stream channel probably contain chloride-rich salts supplied
when wetter conditions permtted surface runoff or ground water
recharge fromthe area of the production site. Dryer conditions
allow salts to be retained in sone patches of stream margin

sedi rents and pronote near surface concentration of salts

t hrough evaporation. The dry period that preceded sanpling
undoubtedly facilitated the detection of salts in surface soils.
In wetter environnents the detection of introduced salts may
need to concentrate on deeper levels in the soil profile or
sanpling of shall ow ground water.

Use of m croRneter

In and near the Big South Fork National River and
Recreation Area, oil and gas production sites and recl ai ned
sites exam ned by the authors show no radioactivity above
background where there is no water production. Background

radi ation at sites ranged from about 2.5-3 nR/ hr on sandy soils

under | ai n by sandstone bedrock to 10 nR/ hr on clayey soils
underl ain by shal e bedrock.

One site investigated by us, Site BSF99-3, has significant
wat er production (about 4 barrels of water per barrel of oil;
Jeff Laxton, Tennessee Departnent of Environnent and
Conservation, Division of Geology, oral commun., 1999).

Radi oactivity was not detected in the separator and storage
tanks in the tank battery nor in the flow lines |eading anway
fromthe separator as is often the case at sites studied by us
(Gton and others, 1997 a,b,c). Instead, elevated radioactivity
(35-120 nR' hr) was only found surrounding the brine pit and bel ow
the outflow pipe fromthe brine pit. W speculate that |ocal
produced wat er has insufficient dissolved bariumto formbarite
(barium sulfate) precipitates in the production equipnment. It
is these precipitates that typically incorporate dissolved
radi um present in produced waters. As produced water enters the
brine pit, barite begins to precipitate because bariumis



supplied fromthe soils hosting the brine pit. Coprecipitation

of radiumwith relatively dense barite (d= 4.50 g/cc) is
supported by the observation that the highest radiation readi ngs

(120 nR/ hr) occur in a small depression fornmed i nmedi ately
beneath the end of the outflow pipe fromthe brine pit. Based
on the elevated radioactivity of the margins of the brine pit,
we al so predict elevated radioactivity in the bottom sedi nents
of the brine pit.

The nR | evels seen in soils at Site BSF99-3 suggest that the
standard for radiumin soils proposed by sone states (5 pG/g;
Gray, 2000) may be exceeded. Radioactivity |levels at other
sites in and near Big South Fork could be higher if there are
sites where water is produced and scale is formng in equipnent.
Gas- processi ng equi prent was not found to be radi oactive
suggesting that radon-222 is not a significant conponent of the
natural gas at sites exam ned by us or that, if radon is
present, its decay product, |ead-210, is not plating out on
equi pnent surfaces.

Concl usi ons

The net hods described in this study provide rapid, real-
time neasurenents that can be used to assess the dispersion of
contam nants fromoil and gas E&P sites and to prioritize sites
for further, nore detail ed evaluation or renediation. The
equi pnent is cheap to rent or buy. It is easily portable and
field rugged. Reconnai ssance neasurenents can be nmade at
several sites in one day. However, sanpling is limted to the
surface and shal | ow subsurface accessible with a soil auger.

The findings at site BSF99-1 and site BSF99-7 suggest

that if oil is pooled in pits or behind retaining
structures of various types for any length of tine, it can
seep into the soil and nove with the ground water. [If the

soil and its substrate are sufficiently perneable (alluvial
sand and gravel as at BSF99-1, sandy soils devel oped on
sandst one bedrock as at BSF99-7), then oil can nobve
significant distances, tens to a few hundreds of feet.
Renedi ati on for hydrocarbons at two sites (BSF99-2 and
BSF99- 7) seens to have been successful. Some hydrocarbon
remains in poorly drained, poorly oxygenated soils at the | ow
end of Site BSF99-2. Hydrocarbon traces appear to extend
downsl| ope beyond the limts of renmediation at Sites BSF99-2 and
BSF99-7. At Site BSF99-2, crude oil reportedly flowed a
consi derabl e di stance down streamfromthe site and traces of
this crude oil may still be present along the affected stream
reach. At Site BSF99-7 the data indicate that crude oil or
sol uble crude oil fractions may have noved downsl ope, possibly
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in the shallow ground water, during the life of the oil waste
pit. The stream drainage south of the reclained area shoul d be
checked.

| nt er bedded sands and shal es are common at the surface in
many areas of oil and gas production in the U S., thus we
believe that this study suggests reasonably broad applicability
of the techniques. There are however, many areas where the soi
characteristics, rainfall, and other paraneters are different.
These areas shoul d be eval uat ed.
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Appendi x 1- Field equi pnent/supplies used during this study*

RAE- 2000 Phot oi oni zati on Det ect or
RAE Syst ens

1339 Moffett Park Drive
Sunnyval e, CA 94089

Ludl um Mbdel 192 M croR neter
Ludl um Measurenents, Inc.

501 Gak Street / P.O Box 810
Sweet wat er, TX 79556

Portabl e conductivity neter
Mar kson Sci ence

P. O Box 35375

Newar k, NJ 07019-53575

Chloride test strips

Quantab titrators Cat. #27449-00

30- 600 ppmrange, also available in 300-6000 ppm range
HACH Conpany

P. O Box 608

Lovel and, CO 80539-0608

Soi | auger

2 Y2 dianeter general purpose soil auger- threaded, stainless
steel bit, cross handle, and 3 foot extension rods

AMS Suppl i es

105 Harrison

American Falls, ID 83221

* Mention of equipnent used during this study is for
information only and does not inply endorsenent by the U S.
Ceol ogi cal Survey. Instrunents and equi prent sold by other
manuf acturers may achi eve the sane results.
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